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Executive Summary

The State Highway 9 (SH 9) Colorado River South Wildiiie Safety Improvement Project in
Grand County wadesignedy the Colorado Department of Transportati@DQOT) and partners
to improvemotorist sfety by reducing wildlifevehicle collisions (WVC) wiile providing
opportunities for wildlife to move beneath amer SH 9 through wildlife crossing structures.
Prior to the projectyWVC were the most common accident type on this segment of highway,
accounting for 60% of all accidents reported to law aforent. In response to these concerns
and with partner support, CDQiistalled two wildlife overpass structures, five wildlife
underpassed,0.4 miles okightfoot-high wildlife exclusionfencing,61 wildlife escape ramps,
and29 wildlife guardsto helpreduce WVC while providing safe passages for wildlifkis
research study evaluates the effectiveness ahttigationinfrastructure through the use of
motion activated cameras and analyses of WVC camabaccidentlata.The study maintained
a total of 62notiontriggeredcameras at@locationsin Year 3to recordanimal movements and
responses to the mitigatioBamerasvere placed atrossing structurentrances and in the
nearby habitatatwildlife guards, escape ramps, and the soutbefemd This progress report

focuses on postonstruction monitoring frorecember 201through April 2018.

Mule deer activity and success movements through or ovevilidide crossing structures
increased eachinter (Fig. E1) resulting ina total of 45,759 mule desuccess movementser
the course of the studifromWinter 201617 to Winter 201718, the overall success rate for
mule deer passage increased slightly from 96% to. IHtotal number of mule deer success
movemalts increased by 1796uggesting that the mitigation is succeeding in improving
connectivity for mule deer across SH®each year of the study,ute deer activity wakighest
during the winter monthsorresponding with de@resencen winter range; heever, some
deer remained in the study area throughout the y@aong each of the crossing structure
locations, nule deer activity varied substantially and patterns in crossing strurteatso

varied relative to the previous wint@verall, mule deeuse of wildlife crossing structures

ranged from an average ®fo 36.9mule deer success movemepis dayin Winter 201718.
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Figure E-1. Total number omule deer movements and successful movements at crossing structures
during each winter of the monitoring research study. In Winter -2@1%nly thenorth portion(Phase 1)
of the project arewasconstructed and monitored.

Elk, white-tailed deermoose, pronghorn, and bighorn sheep were also documented successfully
using the wildlife crossing structures, although in much lower numbers than mul&Sutssss
movements by these species remained roughly consistent or increased from Year 2 fo Year 3
with success ratagnging from87% for moosern=38);91% for elk (=76);92% for white

tailed deer1=39);98% for pronghornrn=52); and 100% for bighorn sheap=(3). In general,

elk were recorded using underpass and overpass structures in the nattiens pf the study

area (from MP 131.6 MP 136), with the highest level of elk success movements at the North
Overpass (MP 134.3). The majority of elk success movements were by lone individuals or, in
some cases, small groups of up to four aninialadditionto ungulatessuccess movements

were maddy other large and mediusized mammals at all of the wildlife crossing structures,
including black bear, mountain lion, coyote, red fox, bobcat, badger, hare, skunk and raccoon.

The researchers evaluated two diffeniltllife guard designs (round bar and tetr), and
found that round bawildlife guards were, on average, more successful in deterring mule deer
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from entering the fenced roadway (90% repel rate) than flavibidife guards (78% repel rate).
However, much of this difference may be attributed to plowed snow packedvireen the flat

bars creating a surface for animals to walk acrive®/inter 201718, no breaches occurred in

this mannerpossibly due to the low ew year or changes in plowing practicEsom Year 2 to

Year 3,the total numbetimesmule deemattempted to breach théldlife guards decreased by
30%andthe number ofuccessfubreaches decreased 68% to a total of 23 breaches at all guard
types.In Year 3,breach rates were nearly the same at both guard types (9% for round bar guards
and 8% for flat bar guards), althoutite total number of breaches by ungulate species was

higher at round bar guards=20) than at flat bar guards<9). Regardles®f guard type

jumping the guard was the most common method of breaching a guard.

Researchers placed monitoring cameras on select escape ramps to evaluatesoé retigct
slopeand the presence of perpendicular rail fencing placed to goidels up a ramp on deer
and elk use of escape ramps to exit the fenced-ofyivay. Mule deer and elk escape rates off
the escape ramps were comparatively (@826 for mule deer, 9% for elldnd results were

mixed with respect to the two different slogesigns and the prasee of perpendicular rail

fence Escapaamps without perpendicular fences had higher intercégs (61%) than ramps
with perpendiculafendng (36%)but perpendicular fence did not have a discernable influence
onthe likelihood of @er or elk using the ramps to escape the-agHway. At this point, there
aregreat variations imisagerates at all ramp types and continued monitoring and analyses will

help deéerminethe most favorable designs.

Threewildlife -vehicle collision (WVC) datasets descrite decreasing trend in WV€arcasses
and accidentfollowing the completion of mitigation construction in the SH 9 project:d&3&kee
Valley Ranch/Colorado Parks and Wildlife (CPW) carcass reports; CD&iit&hance carcass
reports; and CDOT Traffic and Safety accident ditdVinter 201718, six mule deeand no elk
carcassewere recordedh the Blue Valley RandRPW carcass dataseesulting in a decrease
of 89% relative to the preonstruction 5yearaverage of 56.4 carcasg€sy. E2). This decrease
was slightlygreaterthan the 86% decreaseported the previous wintédo WVC carcasses
were reported in the CDDMaintenance carcass databas®Vinter 201718. Data fronWinter
201718 were notavailable from CDOT Traffic and Safe#y the time of this writing bugs of

SH 9 Wildlife Crossings Monitorigar 3 Progress Report ii



Winter 201617, the number of reported WVC accidents dropped 10@@% a preconstruction

winter average of 10.23nd just one WVC accident was reporfedthe entire study period.

These results support the assertion that wildlife crossing structures and other mitigation features
have beemffective in reducing WVC along SH 9, while also providing wildlife connectivity

across the highway.
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Figure E-2. Mule deer and elk carcass counts recorded by BVR and CPW compared to-freafiypee
construction average of 56.4 carcasses per year.

The results from the first three years of monitoring on SH 9 are promising and several
performance measurés the mitigation project regarding mule deer use of crossing structures
have already been achievé&ther objectives, for example, regarding edle wf crossing

structures oungulateuse of escape ramps, have not yet been achieved, but will continue to be
monitored and evaluate@he study will continu¢o evaluate and report on all of these features
through Winter 20120, andtheresearchers wiltontinue to work with CDOT an@PWto
adaptively manage the structures, fencwtgllife guards anéscapeampsand touse these

results tanform future wildlife-highway mitigation projects
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Introduction

The State Highway 9 (SH 9) Colorado River South Wildlife & Safety Improvement Project
installedseven large wildlife crossing structur@sd 10.4 miles of wildlife exclusion fence
between Kremmling and Green Mountain Reservoir in Grand County, Coloragl@rdject was
designed to improve driver safety while providing permeability for wildlifee highwayruns
north-south through theower Blue \alley, a broad sagebruslosystenbetween the Gore
Range to the west and the Williams Fork Mountains to thie €as Blue River also runs from

south to north through the valley, west of the highway, to its confluence with the Colorado River.

Thelower BlueRiver valley supports a high concentration of mule d@€atocoileus hemionlis
andAmericanelk (Cervuscanadensi3 during the winter months as wildlife settle onto their

winter range. Resident mule deer and elk herds also inhabit the valley throughout the year. Other
species includenoose Alces alcel pronghorn Antilocapra anericang, bighorn sheepQvis
canadensisAmerican black beaidrsus americanys bobcat Lynx rufug, redfox (Vulpes

vulpeg, coyote(Canis latrang, and mountain lionRuma concolox. Someanimals make daily
movements across SH 9, where t hdeothergnnmalay bi se
may make more infrequent movements. These concentrations of wildlife have resulted in

numerous wildlifevehicle collisions (WVC), particularly during the winter months.

During the five winters (December through April) priorthe onsebf projectconstructionn

2015 reported WVCrashesvere the most common accident type on this segment of highway,
accounting for 60% of all accidents reported to law enforcepensbnnelDuring this

timeframe, 50 WVC accidents with mule deer or etavreported, 4% of which resulted in
injuries to humans. However, accident reports underestitiagefull extent of the conflict

between traffic and wildlife on SH 9. More comprehensive winter carcass counts conducted by
Blue Valley Ranch during this saimespan recorded 282 WVC mule deer and elk carcasses,

more than triple the number of reported accidents.

The goal of this mitigation project was to reduce vehicle conflicts with wildlifdéewdnoviding

permeability foranimals to move safely througlassages below or over the highwag.meet
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theseobjectives, two wildlife overpasses and five arch underpasseld 0.4 miles of &oot high

wildlife fencing on both sides of the highway were construdtetivo construction phases. Other
mitigation features includeildlife guards installed at all road intersections and private

driveways; wildlife escape ramps; and pedestrian stalkugh gates to provide a pathway for

people through the wildlife fence h& project includes drainage culverts, including several
mediumsizedculvertst 86 box or pipe culverts) that are I
provide passage for small or medihsmed fauna. This project is the culmination of a

comprehensive and kaborative effort by the Colorado Department of Transportation (CDOT),
Colorado Parks and Wildlife (CPW), and the privatelyned Blue Valley Ranch (BVR), as well

as many other public and private partners. CDOT and CPW are supporting this researah study t

evaluate how well the wildlife mitigation achieves these goals.

This research study uses motiiggered cameras to monitor wildlife activity at wildlife
crossing structures, wildlife escape rampidlife guards, pedestrian watkrough gates andeh
southern terminus of the wildlife exclusion fertoeevaluate the wildlife mitigation with several
performance measureSameras were deployed to correspond with the two project construction
phases. Phase 1 construction was in the northern portion mfdjeet area (milepost [MP] 131
137) and was completed in November 2015. Mitigation features in this phase included one
wildlife overpass, three underpasses, six miles of continudostdigh wildlife exclusion
fencing on both sides of the highway, &ktape ramps, Mildlife guards and 2 pedestrian walk
through gates. Phase 2, completed November 2016, was in the southem qfdtie project
area (MP 126 131), and included a second overpass, two wildlife underpasses, continued
wildlife exclusionfencing through the project area, amiadditional27 escape ramp4,7

wildlife guards an® pedestrian wahlthrough gates.
In addition to camera monitoring, this research study analyzes WVC rates in each phase of the
project area, using three lotigrmdatasets. Longerm datasets offer a po@nstruction baseline

to which postconstruction WVC rates may be compared.

This progress report focuses on poshstruction monitoring from its onset at the completion of
the Phase 1 segment (December 201%utinApril 2018.
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Research Objectives

The following research objectives were established by the Study Panel for tigediveesearch

study:

1. Determine to what extent the wildlife and safety mitigation measures reduce WVC.

2. Determine the level of effectiveness of wildlife overpasses and underpasses in allowing
wildlife, primarily ungulates, to move underneath or above the highway

3. Determine the ability of animals that breach the fenced-oftay to use escape ramps
to exit the fenced road area.

4. Determine if the fence end, pedestrian wihlkough gate andiildlife guard designs are
effective at deterring wildlife (ungulates prinig) from entering the fenced road area.
If utilization rates differ among the crossing structures, determine why.

6. Determine if any of the wildlife mitigation features appear to need modification to
improve effectiveness.

7. Determine correlation of higtic ungulate crossing patterns frempletion to utilization
of postconstruction crossing patterns.

8. Compare pre&completion crossing rates to pasinstruction over/underpass crossing

rates.
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Methods

Mitigation effectiveness was measured with two gelrtgpes of measureshe number of
movements made byule deer, elk and other wildlife through the crossing strucamds
success vs. repel rates for each speaied the reduction in WV omplete camera monitoring,

photo analysis and WVC data analysisthods and performance measures are presented in

Appendix A

Preconstruction monitoringvas conductedsing motiortriggered cameras at all crossing
structure locations from November 2014 to the onset of mitigation cotistrun March 2015

by CPW. At each planned structure location, a camera was sethgnatural areasn either
side of the highway to document wildlife presence. Additionalgomestruction monitoring was
conducted by the research team in the Phasgraentthrough Winter 2018.6. The results of
pre-construction camera monitoringerepresented in the Ye& Progress Repoaind are
available inAppendix B Postconstruction monitoring commenced in Deceml@®in the
Phasel segment anoh Decenter 2016 in the Phase 2 segmemd will continue through Winter
201920. Postconstruction monitoring involved the deployment@fcamerasat49 locations,

including 40 locationshat were monitoredh Year 3.

Definitions of the indicescalculated for each monitoring locatiare defined as follows:

1 Total movementsi the sum of all success movements, repel movements, and parallel
movements by a species at a given location.

1 Successate T For each species at avgn crossing structure location, the total number of
individual movements of the species that were recorded moving through the structure divided
by the total movements by that species.

1 Repel ratei For each species at a given crossing structure locatierotal number of
individual movements of the species that were recorded being repelled at a structure divided
by the total movements by that species. Repel rate was also calculated for deer and elk at
small culvertsw i | dguard$aed fence ends.

91 Parallel rate i For each species at a given monitgriacation, the total number of

individual movements of the species that were recorded moving parallel to the mitigation
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feature divided by the total movements by that species. Thigcrigetalculated for crossing
structuressmall culverts anéscape ramps

1 Intercept rate T This metric is calculated for deer and elk at escape ramps. It is the total
number of times deer/elk were recorded ascending an escape ramp divided by the number of
times deer/elk approached an escape ramp.

1 Escaperate i This metric is calculated for deer and elk at escape ramps. It is the total
number of times deer/elk were recorded successfully jumping down from an escape ramp
divided by the number of times cameras captured deeselndinghe escape ramp.

1 Breachrate 1 This metric is calculated for deer and elknat | dyliard$, escape ramps,
pedestrian waklthrough gates, and fence ends. It is the total number of times individual
deer/elk breached the mitigatiteaturedivided by the total number of times désk
approached that mitigation feature. For examplevai al dyliardf beeaches occur when
animals cross over the guard; at escape ramps, breaches occur when animals jump up onto an
escape ramp from the habitat side of the wildlife exclusion fencirgpadestrian watk
through gate, breaches occur when animals pass through the gate; at the fence end, breaches
occur when animals enter into the fenced rghivay from beyond the fence end.

1 Average deer per dayi The total number of unique deer movensgnot individuals)
observed at the structure divided by the sampling effort. Sampling effort is calculated as the
number of days a camera was in operation (or the average number of days for locations with
two cameras) and is useful for standardizingritnaberof mule deer photographed when
there is variation in the number of days that cameras were in operation at different
monitoring locations. Deer peiay may also be calculated fori | dguards. e

1 Averagemule deer success movemenper dayi The toal number of times deer

successfully used a structure divided by sampling effort.

Monitoring locations are listed in Table 1; Figures 1 & 2 depict the locations of all monitoring
sitesacross thatudyarea.At various points during this research, monitoring camesxe
moved to new locations to capture different mitigation featuries) aslimited number of

cameras.
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Table 1. Monitoring Locations. Monitoring periodare defined as: Year 1 (December 201&pril 2016); Year 2 (May 2016 April 2017); Year

3 (May 2017 April 2018). Highlightedgray rowswere not monitored in Year 3.

MP

137.0

136.9
136.9
136.8
136.6
136.6
136.6
136.0
136.0
135.9
135.6
135.1
135.1
135.1
135.1
134.5
134.3
134.3
134.3
134.3
134.2
133.8
132.5

LOCATION NAME

Colorado River Bridge

County Road 3Wvildlife Guard

ThompsonWwildlife Guard

Thompson Escape Ramp
Trough RoadVildlife Guard
Trough Road 3:1 Escape Ramy
Trough Road 2:1 Escape Ramg

North Underpass

North Underpass Habitat

SWA Escape Ramp
SWAPedestrian Gate

Culbreath 2:1 Escape Ramp
Culbreath 3:1 Escape Ramp
CulbreathConcreteBox Culvert

Culbreathwildlife Guard
Rusty Spuwildlife Guard
Overpass Escape Ramp
North Overpass

North Overpass Habitat East
North Overpass Habitat West
BVRConcretePipe Culvert
BVRConcreteBox Culvert

Middle Underpass

SH 9 Wildlife Crossings Monitoriigar 3 Progress Report

MITIGATION MONITORINC
TYPE SPECIFICATIONS PERIODS
PHASE 1 SEGMENTONSTRUCTED SUMKAR L2015
LBJ::ggefpass Existing bridge Year3
Wildlife Guard Flat bar Years 13
Wildlife Guard Round bar Years 13
Escape Ramp 2:1 slope with rail fence Yearl
Wildlife Guard Flat bar Years 13
Escape Ramp 3:1 slope without fence Yeas 2 &3
Escape Ramp 2:1 slope with rail fence Years 2 &
Arch Underpass  44'W x 14'H x 66'L Years 13
Adjacent Habitat | Habitat camera Years 13
Escape Ramp 2:1 slope with rail fence Yearl
Pedestrian Gate n/a Yearsl & 2
Escape Ramp 2:1 slope with rail fence Years 2 &
Escape Ramp 3:1 slope without fence Years 2 &
SmallCulvert 'y Q2 E w@hQ VYears2&
Wildlife Guard Round bar Year2 & 3
Wildlife Guard Flat bar Yearl
Escape Ramp 2:1 slope witlout fence Yearsl-3
Overpass 100'W x 66'L Years 13
AdjacentHabitat | Habitat camera Years 13
Adjacent Habitat | Habitat camera Years 13
SmallCulvert yQ RAEYB8dS&( Yearl
Small Culvert yQ2 E ™Al Q VYears2&3
Arch Structure 44'W x 14'H x 66'L Years 13

NOTES

Replaced with round baluly2016

Constructed Summer 2016

Gated Fall 2017

Constructed Summez016

Replaced with round baluly 2016
Location gated Summer 2016

gARS

TnQ

PlusH o €bpcretetrough

Pluso n €bpcrete trough

TSyoOS
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MITIGATION MONITORING
- LOCATION NAME TYPE SPECIFICATIONS PERIODS NOTES

132.5
132.4
131.6
131.6
131.6
131.6
131.2
131.0

130.8
130.8
130.8
129.7
129.5
129.5
129.1
129.0
128.5
128.5
128.5
128.4
128.0
127.7
127.7
126.7
126.6
126.6

Middle Underpass Habitat

BLM Pedestrian Gate

Harsha GulchVvildlife Guard
Harsha Gulch Underpass
Harsha Gulch Habitat

Harsha Jumpdown Escape Rar
Harsha Escape Ramp

Phase 1 Temporaifyence End

BVA Underpass

BVA Habitat

CR 1002Vildlife Guard

CR 100WVildlife Guard

South Overpass

South Overpass Habitat
Badger Road Escape Ramp
Badger RoatVildlife Guard
Triangle RoadVildlife Guard
Spring CreelVildlife Guard
Spring Creek Escape Ramp
South Spring Creek Escape Ra
Summit County Pedestrian Gat
Williams Peak Underpass
Williams Peak Habitat

East Fence End Escape Ramp
West Fence End Escape Ramp
South Fenc&nd

Adjacent Habitat
Pedestrian Gate
Wildlife Guard
Arch Underpass
Adjacent Habitat
Escape Ramp
Escape Ramp
Fence End

Arch Underpass
Adjacent Habitat
Wildlife Guard
Wildlife Guard
Overpass
Adjacent Habitat
Escape Ramp
Wildlife Guard
Wildlife Guard
Wildlife Guard
Escape Ramp
Escape Ramp
Pedestrian Gate
Arch Underpass
Adjacent Habitat
Escape Ramp
Escape Ramp
Fence End

SH 9 Wildlife Crossings Monitoriigar 3 Progress Report

Habitat camera

n/a

Flat bar

44'W x 14'H x 66'L
Habitat camera
Jumpdownw/o fence
2:1slope with fence
20' clear zone

44'W x 14'H x 66'L
Habitat camera

Round bar

Flat bar

100'W x 66'L

Habitat camera

3:1 slope without fence
Round bar

Round bar

Flat bar
3:1slopewithout fence
3:1slopewith rail fence
n/a

44'W x 14'H x 66'L
Habitat camera
3:1slopewithout fence
3:1slopewith rail fence
onQ Of SFNJI

Years 13
Yearsl &2
Year 1
Years 13
Years 13
Year 3
Year 1
Year 1

PHASE 2 SEGMENTONSTRUCTED SUMNAR L2016

Years 23
Years 23

Year 3

Year 3
Years 23
Years 23

Years 2 & 3

Year 3
Years 23
Years 23
Years 23
Years 23

Year 2
Years 23
Years 23
Years 23
Years 23
Years 3

Gated Fall 2017

Ramp graded into natural downslop

Temporary location

cye®pQ 6ARS
Halfguard length fenced

Gated Fall 2017

(0p])

(@]

w»



THOMPSON,

North Overpass

State Highway 9 Phase 1
Monitoring Locations

Monitoring Locations @®  Mile Points

Wildlife Guard Roadways

Escape Ramp Rivers

Overpass Structure  Land Ownership

Pedestrian Gate | USFs

Small Culvert * BLM

Underpass Structure . State

Temporary Fence End " OtherPublic : L NPT BT e
Private/Tribe . m@m '

Blue Valley Ranch 3| 4 B

i
0 025 05 1 =
[ — YT N

Map 16-003 created by RMW January 31, 2019
Sources: BLM, CDOT, CPW, ESRI, ECO-resolutions,
Grand County

Figure 1. Phase 1 (north segment, MP 13137) monitoring locationthrough April 2018.
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State Highway 9 Phase 2
Monitoring Locations

Monitoring Locations @®  Mile Points
Wildlife Guard Roadways

Escape Ramp RiveTs
Fence End

Overpass Structure ~ USFs
Pedestrian Gate - BLM
Small Culvert - State

Underpass Structure . Other Public
Private/Tribe

Blue Valley Ranch
1

Miles N
Map 16-003 created by RMW January 31, 2019 A

| 0 0.25 0.5

Sources: BLM, CDOT, CPW, ESRI, ECO-resolutions,
Grand County

Figure 2. Phase 2 (south segment, MP 12831) monitoring locationthrough April 2018.
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Results

PostConstruction Monitoring

In Year 3 cameras were in operation fo2@days during the newinter months of 202 (April
197 November30) and ¥0days during Winter 20418 (Decembed i April 19). Cameras
were in operatioffior varying lengths of time depending on location. Battery depletions and

equipment malfunctions also decreased the number of monitoring dagrsadmlocatiors.

Since the w&rt of this study in December 2015, monitoring cameras hawvedett a total of
45,759success movements bywle deethrough or over thdesignatearossingstructuresFor
theYear 3reporting periodlarge and mediuAbodied wildlife were recorded at crossing
structure 24,707times, including23,808success movementsr an overallsuccess rate of 96%
for all structures combined/ule deer account for the bulk of this activity, having ma8g91
individual movements at crossing structures, resultir®iB63success movementsrom
Winter 201617 to Winter 201728, theoverallsuccess rate for mule deer passagesased
slightly from 96% to 97%, anthe total number ahule deer success movemeimsreased by
17%.

Mule deer activity was highest during the winter montiosresponding with deer arrival on
winter range however some deer remained in the study area throughout theyesse resident
deer mad® 441 successnovementsiuring thenonwinter monthsof 2017with an overall
success rate of 95%or this reporting period, elk were detected only during thewiater
months.Species such as black beagosewhite-tailed deerred foxand pronghorn were most
commonly obserwdduring norwinter months. Others, such laighorn sheegobcat, coyote
and moose were observed throughout the ydauntain lions were most common during the

winter months.

Mule Deer Use of Wildlife Crossing Structibasng Winter 201-18

Mule deeractivity andsuccess movemeritsrough or over the crossing structures has increased
each year of this research study since the completion of the Phase 1 construction in Winter 2015
16 (Fig. 3).
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m Total Movements  m Success Movements

18,000
16,689

16,238
14,470
13,889

Winter 2015-16 Winter 2016-17 Winter 2017-18

16,000
14,000
12,000

10,000

7,862

8.000 7,534

6,000

Number of Movements

4,000

2,000

Phases 1 & ZonstructionCompleted

Figure 3. Total number ofnule deer movements and successfavementst crossing structures during
each winter of the monitoring research studyWinter 201516, only the north portion (Phase 1) of the
project area was constructed andnitored.

Table2 summarizesnule deer activity at each of the crossing structures in Winter-28 5hd
compares changes in success movements to the previous Wantess all structure locations
success ratesere 95% to 98%rl he higheshumber of repelgvasobserved at thBVA
Underpass and the North Overpass, though the repel ratehabkthese locations was onlfol
and 2%, respectivel\Repel rates decreased at the Williams Peak Underpass and the North
Underpass from 10% in Winter 201G to 4% and 3%, respectively, in Winter 2a1g.

As in the previous winter, ade deer activity varied substantially at each of the wildlife crossing
structures during Winter201718 (Fig. 4).While overall mule deesuccess movemends the
crossing structures increased by 50%, several changes in the patterns of use at the crossing
structures were observed. In Winter 2014 the North Overpass had thighest number of

mule deesuccess movements all the structuredn Winter 201718, the number of success

movements athis location decreased by 36%; however, this locatidinrhad thethird highest

SH 9 Wildlife Crossings Monitorivigar 3 Progress Report 11



number of mule deer success movements in Winté7-28. The greatest number of success
movements occurred at the BVA Underpass. The Williams Peak Underpass remained the
structurewith the lowest number of mule deer movements, although success movements

increased by 214% from the year prior.

Table 2. Mule deer movements at wildlife crossing structutesng Winter 201718.

Change in
Success Average Average
. Total Success Move- Deer Success
Monitoring Success Repel Parallel
Location ove-  Move- MENts ber ber Rate Rate Rate
ments  ments from Winter  Winter
Winter day Day
201617
MP 127.7
Williams = 256 696 214% 5.2 5 96% = 4%  <1%
Peak
Underpass
MP 129.5
South 2,972 2919 19% 21.2 20.9 98% 1% 1%
Overpass
MP 130.8
BVA 5,246 5,145 30% 37.6 36.9 98% 1% 1%
Underpass
MP 131.6
'éaﬂ;]a 1,645 1614  112% 11.8 11.5 98% | 1.5%  <0.5%
Underpass
MP 132.5
Middle 2,102 2,026 37% 15 14.5 96% 2% 2%
Underpass
MP 134.3
North 2,870 @ 2,760 -36% 20.5 19.7 96% 2% 2%
Overpass
MP 136.0
North 1,068 1,021 44% 7.6 7.3 96% 3% 1%
Underpass
MP 137.0
Colorado | ¢, 57 nla* 0.4 0.4 95% | 5% = 0%
River
Bridge

*Camera failures at the Colorado River Briddaring Winter 201617 prevent this metric from being
calculated.
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m Total Movements m Success Movements

6000
5000
4000

3000

2000
- II I II
0 II

Williams Peak South Overpas8VA Underpass Harsha Gulch Middle North Overpass North
Underpass MP 129.5 MP 130.8 Underpass Underpass MP 134.3 Underpass
MP 127.7 MP 131.6 MP 132.5 MP 136

Number of Movements

Figure 4. Total number ofnule deemovements anduccessnovements at each crossing stunetlocation during Winte2017%18.
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Mule deer use of overpass structures versus underpass structures was compared between Winter
201718 and the previous winter (201G). Because there are two overpasses and five
underpasses in the study area, the averages for the combined number ofrsaceasnts at
underpass structures versus the combined overpass structures was used to a¢heunt for
unequal number of underpasses and overpaSsesall in Winter 201718, 65% of all mule deer
success movements occurred at the five underpasde35%at the two overpassddowever,

when considered on a per unit basis, mule deer use of an overpass structure remaintihigher
underpass structur@s Winter 201718, although not as high as in Winter 2616 Figure 5

depicts the average number of silecmovements across all crossing structure locations as a
function of structure type (overpass versus undergisg)g both postonstruction winterdn
Winter 201617, mule deer success movemeamese, on average, 138bigherat overpass
structureghanat underpss structures. In Winter 2018, mule deer success movememise,

on average, 34% higher at overpass structures than at underpass structures.

3500
3000
2500
2000
1500
1000

Winter 2016-17

500 )
Winter 2017-18

Underpass Overpass

Figure 5. Average number of success movemdaytsnule deer at overpass versus underpass
structures during Winter 20167 and Winter 201718.
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Movements through or over the crossing structures occurred in both directions, originating from
the east and moving west, ariginating from the west and moving ed3tiring the winter

months, easto-west movementé1%)were nearly equal to west-east movemeni@9%). As

the project area is located within winter range, many of the same animals are making regular
movementghrough the structures to access the habitat and resources on eithier gaaheral,

the proportion of eagb-west movements increased during the fall migration and-iwesist
movements increased during the spring migration. Movements during the sumomtés by

resident animals occurred in both directions in roughly equal proportions.

Gender of mule deer was noted in photo analysis when posEil@ewumbers of matefemales

and fawnswvere recorded, although, in many cases, gender was undeterfarmadample, in

males who had shed their antlersbecause of photo quality or animal positiefative to the
cameraNumbers and percentages for each gender of individual mule deer whose movements
were detected are presented in TablAcrosscrossing structure locationsiales represented

13% of the movemenigemales 41% and fawns 22%.

Table 3. Gender of mule deer whose movements were detected at wildlife crossing striwintes
201718

Monitoring Location % Male % Female | % Fawns % Unknown
Williams Peak Underpass 13% 31% 27% 29%
South Overpass 7% 26% 21% 45%
BVA Underpass 17% 53% 21% 9%
Harsha Gulch Underpass 24% 49% 21% 6%
Middle Underpass 19% 43% 19% 20%
North Overpass 4% 23% 26% 47%
North Underpass 11% 63% 16% 10%

Mule Deer Use of Wildlife Crossing Structurness Time

Figure 6 displays mule desuccess movemends each of the crossing structures from the onset
of the study in December 2015 through April 20{8nter 201516 represents the first winter
following construction of the Phase 1 (northern) segment of thegbrareaMonitoring in the

Phase 2 (southern) segment began in late November and early December BEROH6. of

SH 9 Wildlife Crossings Monitorivigar 3 Progress Report 15



peak mule deer activity differed a@h crossing structure locatiand varied from one year to
the nextIn general, mule deer numbers began decreasing in April as migratory herds moved to

summer range and increaseddatober as these herds returned to winter range in the study area.

During Winter 201718, ®veral bcations had more than one peak in mule deer success
movementsMule deer activity peaked at several structures in January and, whdenthsa dip

in activity in February at most structurélsere was a peak in activity at the North Overpass

during this imeframe.The highest number of mule deer success movements over all the years of
the study were at the North and South Overpasses and the BVA Underpass, when compared to

the other wildlife crossing structures.
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Figure 6. Mule deersuccess movemenby monthateach of thewildlife crossing structureisom December 2015 through April 2018
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The following subsections describe tt@mera monitoringesults at each crossing structure

location. Foreach crossing structure, the total number of mule deer movements detected relative
to mule deer success movemelogsmonthof the yeaiis presente@note that the yaxis scale

varies for each graph). For asgn month the closer the pairegtangeand blue bars are in

height, the greater the success rate forri@mith.Mule deer activity was recorded at each

structure every month of the year when cameras were active.

Williams Peak Underpass, Milepost 127.7
Figure 7 presents mule deer total movements and success movements by month at the Williams

Peak Underpas8Vinter movements increased at this structure from Year 2 to Year 3 of this
research with the highest peak in Winter 2@D21.8 occurring in Decembena JanuaryMule

deer use continued through the summer months.

Month 12 1 2 3 4 5 6 7 8 9 10 11 12 1 8 9 10 11 12| 1
Year

250

MW Total Movements

M Success Movements
200

15

o

10

Number of Mule Deer
o

5

o

o

2015 2016 2017 2018

Figure 7. Mule deer total movements and success move mentwohbyhsof the year at thgVilliams Peak
Underpass (MP 136). Noteaxis scale is © 250.
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South Overpass, Milepost 129.5
Figure 8 presents mule deer total movements and success movements by month at the South

Overpass. The peak in monthly movements in Year 2 was nearly as high as thabgeaksd in
Year 3; howeverin Year 2 this peak occurred in February, while in Yean® peaks were
observed in January and March, with a dip in activity in Febridme deer use continued

through the summer months.

900
B Total Movements

800

B Success Movements
700

0 ““““““"“"n“““““““

Month 12|11 2 3 4 5 6 7 8 9 101112|1 2 3 4 5 6 7 8 9 1011 12|11 2 3 4

60!

o

50!

o

40

Number of Mule Deer
o

30!

o

20

o

10

o

Year 2015 2016 2017 2018

Figure 8. Mule deer total movements and success movementsohyhsof the year at thSouth
Overpas¢MP 136). Note yaxis scale is 0 900.
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BVA Underpass, Milepost 130.8
Figure 9 presents mule deer total movements and success mtvéyeronth at the BVA

UnderpassThe peak in monthly movements in Year 2 was higher than the peak in Year 3;
however, in Year 2 there was a single peak in February, while in Year 3, two peaks were
observed in January and March, with a dip in activityebrdary and overall activity was higher
throughout the winter monthBigure 10 depicts a success movement at the BVA Underpass.

Mule deer use continued through the summer months.

Figure 9. Mule deer total movements and success move mentwohthsof the year at thBVA
Underpass (MP 130)8Note yaxis scale is 0 1,600

Figure 10. Example of mile deer succes:
movement at the BVA Underpass.
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